Objective: To review current practice in the definition of childhood obesity based on body mass index (BMI), in order to understand why the recommendations of the International Task Force on Obesity (IOTF) have not been fully adopted. Design: Literature search using MEDLINE to identify papers on childhood obesity published in the first 4 months of 2005, and a cited reference search on the recommendations of the IOTF. Results: Citations of the IOTF definition have increased since publication, but less than half of papers on childhood obesity published in the period used the definition. Most used the 95th centile of a national distribution to define obesity. Conclusions: Reasons for using centiles of a national distribution included the need for z-scores or centiles to define underweight or extreme obesity, not available in conjunction with the IOTF definition, inclusion of children under 2 years, and concerns about over-or underestimation of the prevalence of obesity. None of these preclude use of the principle underlying the IOTF definition, that of continuity with the adult definition of BMI of 30 kg/m 2 or more. Adoption of either the IOTF definition or corresponding centiles of a national distribution would enable comparisons of prevalence between countries and over time.
Introduction
Ideally the definitions of overweight and obesity in children should be based on raised risk of morbidity. There is evidence for relations between increased paediatric body mass index (BMI) and short-and long-term health outcomes (Reilly, 2005) , but this is currently insufficient to establish cutoff points of BMI. A number of different definitions based on centiles of BMI have been used. Accepted definitions are desirable in order that trends over time can be monitored, and comparisons made between populations. Body mass index changes in mean value, standard deviation and degree of skewness during childhood and adolescence, and hence there is no simple definition of overweight and obesity prior to adulthood, when values of 25 kg/m 2 up to 30 kg/m 2 are considered as overweight and 30 kg/m 2 and over obese (Cole et al., 1995) . It is now over 5 years since international definitions of child overweight and obesity were proposed (Cole et al., 2000) . The proposed cutoffs for overweight and obesity were centiles corresponding to a BMI of 25 and 30 kg/ m 2 at age 18 years averaged across six populations.
Despite that the definitions were proposed by the International Obesity Task Force on Obesity (IOTF), and that the paper has been well cited, the definitions have not been universally adopted. A brief review of recent papers was carried out to try to elucidate the reasons.
Materials and methods
A search was performed for papers that cited the IOTF definitions paper (Cole et al., 2000) , using the ISI Web of Science cited reference search, as of the beginning of June 2005. A MEDLINE search was carried out with subject heading 'obesity', limited to the age range 0-18 years and to publications in English in 2005 up to the first week of June. All obesity papers citing the IOTF definitions were obtained, the 'citation papers', and all those published in a journal that included at least one citation paper, the 'controls'. A further selection was made of the papers that were identified by subject heading or keyword 'prevalence'. Each paper was then read and classified as (i) having no data on children 0-17 years, or definition of childhood obesity, and not considered further, (ii) using the IOTF definition, or (iii) not using the IOTF definition. Papers were also classified by the country of origin.
Results
According to the Web of Science search, there were 563 citations of the IOTF definitions paper, of which 468 were English language articles, and by publication year, from 2000 to early June 2005, numbered 6, 34, 73, 109, 164 and 82, respectively. There were 168 English language papers identified in the MEDLINE search for 2005 to the first week in June (Figure 1 ), of which 23 mentioned the IOTF definition according to the cited reference search. One of these contained no data on overweight or obesity or definition. The remaining 22 are detailed in Table 1 .
Fifteen of the papers used the IOTF definitions of overweight and/or obesity exclusively. Burke et al. (2005) used the IOTF definitions except for 1 year olds. One stated that the cutoffs were 'adapted to local BMI data for the Chinese population and corresponding to BMI 425 and 430 kg/m 2 , respectively, at age 18 (Sung et al., 2005) . The two papers from Germany also used centiles of their national distribution, one of which cited the IOTF paper only in support of its definition of obesity (Reinehr et al., 2005) . One UK paper quoted the IOTF paper as support for using the 95th centile of the UK reference distribution (Haroun et al., 2005) . Of the papers using the IOTF definitions, three were from the US, Definitions of childhood obesity S Chinn three from Australia, one from Bolivia and the rest from Europe. Nine journals were represented in the citation papers. There were 15 control papers published in five of these journals (Figure 1 ), eight containing data on children or a definition of obesity in just three journals (Table 2) . One used BMI only as a continuous variable (McCarthy et al., 2005) , one used the adult definition of overweight from age 15 years (Inelmen et al., 2005) , one advocated the IOTF definition but did not cite a reference (Viner and Nicholls, 2005) and the remaining five sets of authors used a centile of their national distribution.
There were 26 eligible papers or review articles that were identified as mentioning prevalence. Ten of these cited the IOTF paper, and two were considered as control papers. The remaining 14 papers are detailed in Table 3 . Two included 17-year olds with adults and used the adult definition of obesity (Bar Dayan et al., 2005; Daousi et al., 2005) . One used BMI only as continuous (Ferreira et al., 2005) , and did not define obesity. One mentioned that national growth curves could be used (Lawrence, 2005) . The rest used the 95th centile of a national distribution, mainly the US Centers for Disease Control (CDC) definition. Speiser et al. (2005) did reference the IOTF paper, but this was not picked up by the citation search.
Only 22 of the 82 papers citing the IOTF paper in 2005 were identified in the MEDLINE search for papers on obesity in children or adolescents. This was due partly to the Web of Science being more up-to-date than MEDLINE at the date of access, and partly to papers that discussed overweight but not obesity. 
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Discussion
Citations of the IOTF paper have been rising, but use of the IOTF definition of obesity in children is far from universal. Four reasons for using a national reference distribution to define cut-off points emerged from the review. First authors may want to derive a z-score in order to use BMI as a continuous measure in children of different ages (Reinehr et al., 2005) . Analysis of a continuous outcome has greater power to detect group differences than analysis of a dichotomised variable. Because centiles from six different countries were averaged to obtain the IOTF definitions, no corresponding z-scores are available (Cole et al., 2000) , and hence this is a serious draw-back. Some authors have used the IOTF cutoffs to define overweight and/or obesity, but a national distribution to obtain z-scores (Barba et al., 2005; Neville and Walker, 2005) . In theory, incompatible results could be obtained by such procedures, and at best this is unsatisfactory. Second a cutoff other than that for overweight or obesity may be required, such as underweight (Doak et al., 2005; Manios et al., 2005; Perez-Cueto et al., 2005; Wickens et al., 2005) , or extreme obesity (Viner and Nicholls 2005; . Third, there may be concern that the IOTF cutoffs may over-or underestimate obesity (Chinn and Rona 2002; Kuepper-Nybelyn et al., 2005) . Fourth, the IOTF tables did not extend to children under 2 years. A fifth reason, one which did not emerge from the brief review, is that if comparison is required with an earlier study for which the raw data are not available, then there will be no alternative but to use the earlier study's definition, but that does not preclude use of the IOTF definition in addition where data are available. The five reasons are summarised in Figure 2 .
There was recognition in several papers of the limitations of BMI as a measure of fatness in children, but very few of those reviewed discussed the cutoff points. Kuepper-Nybelen et al. (2005) used the IOTF definition of overweight and a second definition of greater than 90th centile of the German reference distribution, commenting that the absolute prevalence was higher using the IOTF definition, but that differences between groups were similar. In fact, their Table 2 shows that the IOTF definition gave a lower prevalence in boys, but higher in girls, also found in the UK (Chinn and Rona, 2002; Stamatakis et al., 2005) . Andersen et al. (2005) commented on differences between prevalences obtained using the IOTF and CDC cutoffs. Burke et al. (2005) were not able to compare the prevalence of overweight or obesity in 1 year olds with that of older children, as the IOTF cutoffs covered the age range 2-18 years. Speiser et al. (2005) took a positive decision to recommend the use of cutoffs based on a national distribution rather than the IOTF definitions, citing the review by Reilly (2002) . Reilly gave several arguments against the use of the IOTF cutoffs. One was that the sensitivity to detect obesity defined by using measurement of bioelectrical impedance was low, but that of the 95th centile high (Reilly et al., 2000) . Demonstration that the 95th centile of the UK population gives better prediction of health outcomes than the IOTF definition, or UK corresponding centile, would be an argument in its favour, but would not necessarily extrapolate to 95th centiles of other countries' distributions. Reilly also considered that the adult definitions of overweight, as BMI in the range 25 kg/m 2 and up to 30 kg/m 2 , and obesity as BMI of 30 kg/m 2 or more, are unsatisfactory. It seems unlikely that these thoroughly entrenched definitions will now be abandoned. Hence, continuity with the adult definitions is of value, and the extrapolation of the centiles corresponding to BMI 25 and 30 kg/m 2 at age 18 give non-arbitrary definitions for children. It is possible to criticise choice of 18 years, especially for males (Chinn and Rona, 2002) , and there are several sound reasons for choosing use centiles of a national distribution rather than the IOTF definitions, as described above. What does not seem acceptable is to choose the 85th or 95th centiles without a sound reason. Use of the 85th and 95th centiles fixes the prevalences at 15 and 5%, respectively, for the reference distribution. This may change and the fact be overlooked, and indeed not all authors cited the distribution used (Savoye et al., 2005; Quattrin et al., 2005; Stice et al., 2005) . The current CDC reference distribution is composed of data from five surveys (Flegal et al., 2001) , and so does not represent the US population at any one date. Use of the CDC definition gives a greater prevalence of obesity than the IOTF definition (Flegal et al., 2001) , due partly to the use of the 95th centile in the CDC definition rather than the 96th or 97th, equivalent to BMI 30 kg/m 2 in the US data set used by the IOTF, and partly to higher equivalent centiles in the other five countries whose data were averaged for the IOTF definition (Cole et al., 2000) . In the UK, the 1990 distribution has been fixed as the reference distribution; again, the 95th centile overestimates obesity compared to using the IOTF definition. Other countries may choose earlier or later data on which to base national definitions, and no comparison can be made using a definition based on the 95th centile. While prevalences of child overweight and obesity have been changing over time, and hence the centiles that correspond to BMI 25 and 30 kg/m 2 in adults, as adult obesity has also increased the cutoff points they define may be relatively stable. Furthermore, it may be Definitions of childhood obesity S Chinn argued that it is not invalid to compare prevalences based on such national cutoff points across populations. It is time to resolve the current inconsistency in definitions and abandon the use of 85th and 95th centiles. There are valid reasons against use of the IOTF cutoffs, but not against the principle that underlay them. When national definitions of overweight or obesity are used, or previous definitions to enable comparison, authors should also give prevalences based on the IOTF cutoffs.
